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STATEMENT  OF  THE  PROBLEM  STUDIED 


Under  nonisothermal  histories  typical  of  metals  under  impact  or  deformation  processing, 
dependence  on  the  history  of  temperature  and  strain  rate  is  potentially  first  order  in  terms  of  material 
response  (McDowell  &  Voorhees,  DSSG  Report,  IDA,  1995).  The  principal  goal  of  this  program 
has  been  to  progress  towards  the  next  generation  of  IS  V  constitutive  relations  for  thermo  viscoplastic 
finite  strain  behavior  of  metals.  The  goals  of  this  research  program,  which  expired  at  the  end  of 
September  1998,  were  to  explore: 

•  more  physically-based  representation  of  the  anisotropy  of  hardening  and  flow  associated  with 
development  of  dislocation  substructure,  including  kinematical  (deformation)  as  well  as  kinetics 
(flow)  aspects; 

•  rate  dependence  of  material  strain  hardening  behavior  for  strain  rates  ranging  from  quasi-static 
to  dynamic,  with  emphasis  on  temperature  and  strain  rate  history  dependence,  rather  than  just 
instantaneous  temperature  and  strain  rate  dependence. 


SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 

The  program  has  produced  a  set  of  novel,  complex  sequence  experiments,  along  with  related 
constitutive  model  development  and  numerical  implementation/simulation.  One  of  the  most 
complete  sets  of  finite  strain  baseline,  temperature,  strain  rate  and  sequence  data  ever  generated  in 
the  open  literature  has  been  developed  in  this  project  for  OFHC  Cu.  Interactions  have  been 
maintained  with  Sandia  National  Laboratories-Livermore  (SNL-L)  to  collaborate  in  conducting  the 
experimental  component  of  the  program  and  in  the  study  of  grain  subdivision  phenomena.  We  have 
also  established  strong  interactions  with  Scott  Schoenfeld  at  ARL  to  evaluate  performance  of 
advanced  ISV  models  in  applications  and  to  further  develop  polycrystal  plasticity  theory  and 
implement  into  armor/anti-armor  analyses.  Bob  McGinty’s  work  is  in  close  collaboration  with  ARL. 
Significant  accomplishments  achieved  during  this  grant  include: 

•  completion  of  a  very  comprehensive  set  of  finite  strain  experiments  on  OFHC  Cu  over  a  range 
of  temperatures  from  room  temperature  to  0.7  homologous,  strain  rates  from  104  to  10V,  and 
strains  exceeding  unity,  including  deformation,  temperature  and  rate  sequences,  hold  times  with 
relaxation  and  recovery,  etc.;  time-temperature  measurements  were  obtained  throughout 
sequences 

•  characterization  and  modeling  of  grain  subdivision  processes  and  formation  of  microtextures 
within  grains,  leading  to  multiple  scales  of  relaxed  constraints  (effective  non-crystallographic 
slip  behavior  at  grain  level)  and  a  novel  scaling  law  ISV  evolution  law  for  diffusion  of  texture 

•  the  introduction  of  non-Schmid  effects  in  hardening  and  flow,  including  coupled  hardening  of 
the  IS  Vs  for  different  slip  systems  and  latent  hardening  descriptions  which  interact  with 
noncrystallographic  features  (geometrically  necessary  dislocation  boundaries) 

•  texture  and  grain  size  measurements  for  various  deformation  paths,  and  comparison  to  standard 
Taylor  poly  crystal  plasticity  theory 
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•  incorporation  of  emerging  tools  for  determination  of  ISV  constitutive  law  parameters  such  as  a 
hybrid  gradient,  downhill  simplex  and  genetic  algorithms  for  parameter  estimation,  along  with 
early  work  in  parameter  form  estimation  for  ISV  laws;  establishing  this  technology  as  a  viable, 
useful  tool  for  parameter  estimation  for  complex  ISV  relations,  including  technology  transfer  to 
SNL-L  and  ARL. 

•  application  of  these  principles  to  parameter  estimation  for  the  MTS  model,  the  Bammann- 
Johnson-Chiesa  SNL-L  model  and  the  modified  McDowell  ISV  model,  including  effects  of 
dynamic  and  static  recrystallization  for  OFHC  Cu  over  a  wide  range  of  temperatures  and  strain 
rates 

•  implementation  of  2-D  and  3-D  polycrystal  plasticity  models  and  corresponding  studies  of 
deformation  path  sequences  and  design  of  experiments  methodology  for  assessing  essential 
elements  of  the  structure  of  polycrystal  plasticity  models,  along  with  framing  of  a  sliding 
mesoscale  approach  which  makes  use  of  certain  aspects  of  the  orientation  distribution  of 
crystallites  along  with  macroscopic  flow  potentials  and  hardening  laws. 
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to  include  grain  subdivision  by  geometrically  necessary  boundaries  and  the  resulting  microtextures, 
utilizing  scaling  laws  for  refinement  of  subgrains  and  local  misorientation  developed  at  Sandia 
Livermore  by  Darcy  Hughes  and  colleagues.  He  is  presently  developing  ISV  hardening  laws  that 
incorporate  geometrically  necessary  dislocations  in  2-D  and  3-D  polycrystal  plasticity  models.  The 
final  phase  of  his  work  involves  implementation  in  a  3-D  code  and  associated 
simulations/verification.  Mr.  Butler  is  anticipated  to  finish  his  degree  in  Winter  1999. 

Theses  Generated 

1.  Horstemeyer,  M.F.,  “Physically  Based  Models  for  Deformation-Induced  Anisotropy,”  PhD 
Thesis,  August  1 995.  Dr.  Horstemeyer  is  presently  at  Sandia  National  Laboratories  in  Livermore, 
CA. 

2.  Tanner,  A.B.,  “Modeling  Temperature  and  Strain  Rate  History  Effects  in  OFHC  Cu,”  PhD 
Thesis,  June  1998.  Dr.  Tanner  is  presently  at  ARL  in  Aberdeen,  MD. 


HONORS  &  AWARDS  OF  SUPPORTED  PERSONNEL 

Honors  include: 

D.L.  McDowell 

1.  NADAI  Award,  ASME  Materials  Division,  1997 

2.  Institute  Fellow,  Georgia  Tech,  1994-1999 

3.  Regents'  Professor,  Georgia  Tech,  1996-present 

4.  Editorial  Advisory  Board,  International  Journal  of  Plasticity,  1991  -present. 

5.  Technical  Editor,  ASME  Journal  of  Engineering  Materials  and  Technology,  1997-present. 

6.  Editorial  Advisory  Board,  International  Journal  of  Damage  Mechanics,  1993-present. 

7.  Editorial  Advisory  Board,  International  Journal  of  Fatigue  and  Fracture  of  Engineering  Materials 
and  Structures,  1994-present. 

8.  Regional  Editor,  International  Journal  of  Fracture,  1997-present. 

9.  Named  Carter  N.  Paden,  Jr.  Distinguished  Chair  in  Metals  Processing  at  Georgia  Tech  in 
September  1998. 

10.  Named  to  the  Alumni  Board  of  the  Dept,  of  Mechanical  and  Industrial  Engineering  at  the 
University  of  Illinois  at  Urbana-Champaign,  Sept.  1998. 
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In  1997,  Dr.  McDowell  participated  in  two  DoD  planning  efforts: 


•  Member,  Panel  on  Modeling  and  Simulation,  Naval  Studies  Board  study  on  Technology  for 
Future  Naval  Forces,  National  Research  Council,  Washington,  D.C.,  1995-1997.  Co-authored 
“Technology  for  the  United  States  Navy  and  Marine  Corps,  2000-2035:  Becoming  a  21st 
Century  Force:  Volume  9  -  Modeling  and  Simulation,”  National  Academy  Press,  1997. 

•  Member,  Defense  Science  Board  Task  Force  on  Underground  Facilities,  1997-present. 


TECHNOLOGY  TRANSFER 

This  program  has  involved  ongoing  interactions  with  Sandia  National  Laboratories,  Livermore, 
CA  (SNL-L). 

Participants  at  SNL-L,  by  area  of  technical  interest,  include: 

D.J.  Bammann  -  Macroscale  modeling 

D.  Mosher  &  W.  Kawahara  -  Experimental  techniques  for  high  strain  rate  deformation  and  sequence 
experiments 

M.  Horstemeyer  -  Micro-  to  macro-  models;  coordination  of  Sandia  with  GT  effort 
D.  Hughes  -  microstructure  evolution;  grain  subdivision/refinement  processes 

This  work  is  relevant  to  the  core  mission  of  Sandia,  which  relies  on  increasingly  accurate  models  for 
prediction  of  rate  and  temperature-dependent  material  behavior  at  large  strain,  both  in  defense  and 
civilian  manufacturing  applications.  In  fact,  SNL-L  has  found  Buck  Tanner’s  methodology  for 
parameter  estimation  as  embedded  in  the  commercial  software  package  Pointer  extremely  useful 
in  ongoing  programs.  In  fact,  they  report  that  it  has  fostered  tremendous  progress  in  some  of  their 
large  research  and  development  programs  which  rely  on  application  of  internal  state  variable  models. 
It  is  highly  likely  that  this  will  translate  to  the  Army  as  well  through  Buck  Tanner’s  present 
association  with  ARL. 

An  important  feature  of  this  program  is  interaction  with  U.S.  Army  research  personnel  at  APG 
in  Aberdeen.  Scott  Schoenfeld  visited  Georgia  Tech  in  early  1997  and  Bob  McGinty  spent  several 
weeks  in  summer  1997  and  September  1998  at  ARL  with  Dr.  Schoenfeld.  It  is  envisioned  that  this 
collaboration  will  continue  and  will  lead  to  significant  results  and  advances,  as  well  as  a  close 
connection  of  our  research  programs  to  analysis  activities  at  ARL. 
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